For several decades, titanium-magnesium cata lytic systems have been successfully used to polymer ize ethylene, propylene, and higher α olefins under both laboratory and industrial conditions [1]. As a rule, the common samples of titanium-magnesium catalysts contain an electron donor compound (ED) that is added at the stage of catalyst synthesis: a so called internal ED. An external ED added along with an organoaluminum compound to provide the ste reospecific action of titanium-magnesium catalysts to produce isotactic poly(α olefins) is used also [2].
For several decades, titanium-magnesium cata lytic systems have been successfully used to polymer ize ethylene, propylene, and higher α olefins under both laboratory and industrial conditions [1] . As a rule, the common samples of titanium-magnesium catalysts contain an electron donor compound (ED) that is added at the stage of catalyst synthesis: a so called internal ED. An external ED added along with an organoaluminum compound to provide the ste reospecific action of titanium-magnesium catalysts to produce isotactic poly(α olefins) is used also [2] .
The study of the polymerization of 1,3 dienes, in particular, butadiene and isoprene, on unmodified titanium-magnesium catalysts showed that the formed polymers contain 80-99% trans 1,4 units (according to the data of IR spectroscopy) [3, 4] . At the Topchiev Institute of Petrochemical Synthesis, the development of studies in this field resulted in tita nium-magnesium nanocatalysts (TMNCs) differing from conventional titanium-magnesium catalysts in the simplified synthesis procedure [5] , structure (in particular, the particle sizes of TMNCs range from 15 to 35 nm), and enhanced activity [6] . The processes of isoprene polymerization [6] , butadiene polymeriza tion [7] , and butadiene-isoprene copolymerization [8] on TMNCs in combination with triisobutylalumi num were studied.
The modification of titanium-magnesium systems during the synthesis of trans 1,4 polydienes with internal and external EDs, unlike the polymerization of α olefins, is accompanied by a substantial drop in activity and deterioration of the stereoregulatory capacity. However, the problem of an even higher increase in the content of trans 1,4 units in the poly diene chain without a loss of catalyst activity is of great interest. While studying TMNCs, we found uncom mon "mild" EDs based on organic phosphines and sulfides, which allowed the development of a new method of preparation of modified TMNCs for trans 1,4 polymerization of isoprene. The mentioned rela tively weak EDs were previously studied only as activa tors for vanadium containing catalysts in the synthesis of trans 1,4 polydienes [9] .
EXPERIMENTAL
The experiments on isoprene polymerization and catalyst synthesis were performed with a glass vacuum unit under accepted conditions for handling organo metallic compounds.
An ED was added to a TMNC at the stage of the catalyst synthesis as described in [5] .
The polymerization of isoprene was studied under a periodical regime with the use of 200 mL glass reac tors or 20 mL dilatometers with a magnetic stirrer in hexane in the presence of a modified or unmodified TMNC. Triisobutylaluminum was used as a cocatalyst at the molar ratio Al : Ti = 30.
The total volumes of the reaction mixtures in the dilatometer and the reactor were as high as 20 and 100 mL, respectively. Into a polymerization vessel, a suspension of a modified or unmodified TMNC in hexane (a Ti concentration of 0.05 mol/L) was charged from a Schlenk tube in amounts needed to provide a titanium concentration in the reaction zone of с Ti = 1 × 10 -3 mol/L. The necessary amount of the monomer was further condensed from an ampoule with a metallic valve to provide a monomer concentra tion of с m = 1 mol/L, and a triisobutylaluminum solu tion in hexane was added from a separatory funnel to attain the given volume. Then, the dilatometer was sealed off (the reactor was isolated from the vacuum unit with a stopcock) and the polymerization vessel was placed in a thermally controlled (30 ± 0.1°С) cell. To deactivate the catalyst, after completion of poly merization, methanol (5 mL) was added to the formed trans 1,4 polyisoprene (TPI) under constant stirring. After 1 h, the polymer suspension was poured into a beaker, filtered through a paper filter, and dried in a vacuum desiccator up to a constant weight. To determine the soluble and insoluble fraction contents, a weighed portion of the polymer was dis solved in toluene, chloroform, or THF. The dissolu tion was performed in a sealed weighing bottle under stirring with a magnetic stirrer for 4 h at 90°С in tolu ene or at 60°С in chloroform or THF. The solution was further cooled to the desired temperature of filtra tion and filtered through a preheated Schott filter. The formed insoluble fraction was dried under vacuum up to a constant weight, and the soluble fraction was iso lated via solvent evaporation and dried in the same manner.
The thermodynamic parameters of polyisoprene were determined from DSC measurements on a Met tler Toledo DSC 823 calorimeter. Samples were heated at a rate of 10 K/min under an argon flow at a rate of 70 mL/min. The measurement results were processed with the STARe service program included with the instrument. The measurement precision was as good as ±0.3 K and ±1 J/g for temperature and enthalpy determination, respectively. With the use of 1 H NMR spectroscopy, the con tents of cis 1,4 and trans 1,4 units were determined from the integral intensities of the signals of methyl group protons at 1.66 and 1.59 ppm, respectively, and the content of 3,4 units was estimated from the signal of vinyl protons in the region of 4.68 ppm (Fig. 1) .
Samples for NMR spectroscopy were prepared via dis solution of TPI in CDCl 3 at 60°С under stirring for 4 h followed by decanting of the solution. 1 H NMR spec tra were recorded on a Bruker Avance 400 spectrome ter (400 MHz, CDCl 3 , 30°С).
Molecular masses were determined via GPC at 30°С on a high pressure chromatograph equipped with Styrogel HR 5E and HR 4E column systems, a Rheodyne injector with a 200 μL loop, and a Waters 2410 refractometer; THF was used as eluent. Polymer samples for GPC were prepared through a procedure similar to that used for samples for NMR, but in THF, instead of CDCl 3 , and with subsequent filtration.
RESULTS AND DISCUSSION
Suspension polymerization of isoprene in hexane was conducted on TMNCs modified by the following EDs (table). (i) "Polypropylene" EDs, compounds commonly used for modification of the titanium-magnesium cat alyst in the processes of isotactic poly(α olefin) synthe sis: dibutyl phthalate, cyclohexylmethyldimethoxysi lane, and 9,9 bis(methoxymethyl)fluorene.
(ii) "Mild" EDs: triphenylphosphine, tritolylphos phine, trixylylphosphine, tricyclohexylphosphine, tributylphosphine (Bu 3 P), phenylethylsulfide, and carbon disulfide.
As follows from the obtained data, the unmodified TMNC shows a high activity in isoprene polymeriza tion (table, experiment 1). In this case, the micro structure of the resulting polyisoprene has a relatively low content of trans 1,4 units according to the data of 1 H NMR spectroscopy. The modification of TMNCs with electron donor compounds commonly used in the polymerization of olefins (experiments 2-5) does 
